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HONORS CAPSTONE ABSTRACT
For this project, the CIS mobility team from the College of Engineering & Engineering
Technology was approached by the family of a 13-year-old high school student named Kelly,
who is diagnosed with Cerebral Palsy symptoms, and has severe mobility issues. She has
involuntary muscle movements, especially in the lower extremities, and problems with posture,
balance and depth perception, making it difficult for her to walk. Kelly is currently relying on a
wheelchair, and the family has concerns that if she remains bound to her wheelchair, she will
need to undergo more surgeries that could potentially lead to her losing the ability to walk. The
goal of this project is to design and produce a mobility assistive device that is more economical,
versatile, and effective than current alternatives. The motorized assistive walker from this project
is made to provide support for Kelly with better walking postures, to gain safety and
independence in her mobility, and to improve muscular strength along the way, preventing
related surgeries in the future. The main advantage of this device is that the user can choose
between the manual and motorized mode, and this has given flexibility in user experience. In
addition to functionality, the device is relatively inexpensive compared to other non-motorized
walkers and rehabilitative devices currently available in the market. The motorized walker will
also be to assist any individual in becoming mobile and provide a rehabilitation aspect to the
device.
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Chapter 1: Introduction
1.1.

Mobility Assistive Devices for Cerebral Palsy Patients
Cerebral palsy is a developmental disorder as a result of a brain injury sustained during

fetal development or birth, and a leading cause of disability in young children. It affects
approximately 500,000 children and adults, with around 8,000 babies and between 1,200 and
1,500 preschool-age children diagnosed each year [1]. Most common as a movement disorder,
cerebral palsy has effects on individual’s mobility: the ability to move in one’s environment with
ease and without restriction. The most common type of cerebral palsy is spasticity, which is
characterized by overly toned muscles and spastic movements [2]. Tight, stiff, overly toned
muscles make walking difficult and cause a jerky, involuntary gait, and causes limitations in
mobility. In addition to therapy and other strategies to improve physical conditions, mobility aids
also provide patients with cerebral palsy an opportunity to be self-sufficient and independent
while leading to an improved quality of life.
According to the Centers for Disease Control and Prevention (CDC), approximately 11%
of 8-year-old cerebral palsy patients studied by the organization used a hand-held device to assist
mobility and serves as a sturdy frame for the patient to hold as he or she walks [3]. Various
adaptive mobility equipment is designed for a wide range of clients with varying abilities.
Among them, gait trainers provide outstanding support in learning to walk, maintaining
momentum, and building muscle skills. Gait trainers usually have four wheels and can help the
individual to walk properly, maintain momentum and build muscle skills. They have a built-in
seat that allows the user to go from sitting to standing easily. They can come with a trunk support
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and harnesses for those without the ability to support their own body weight and improve posture
while standing.
Designed with extra clearance for walking, gait trainers come in various sizes and can be
modified and customized to accommodate evolving mobility needs of patients with cerebral
palsy [1]. These mobility aids can be low-tech such as a walking cane or a non-electric
wheelchair, to high-tech equipment which includes electromechanical assistive aids and
computerized communication devices.
1.2.

Client Background
Our group was approached by the family of a 13-year-old high school student named

Kelly, who is diagnosed with Cerebral Palsy symptoms from brain damage incurred at birth to
the basal ganglia. The client has severe mobility issues, with involuntary muscle movements,
especially in the lower extremities. More specifically, she has spasticity in her legs and dystonia
in her arms. The client also had problems with posture, balance and depth perception, making it
difficult to walk. Kelly is currently relying on a wheelchair, and the family has concerns that if
she remains bound to her wheelchair, she will need to undergo more surgeries that could
potentially lead to her losing the ability to walk. Therefore, the goal of this project is to create
mobility assistive or a rehabilitation training device that will help the client gain independence
and avoid future surgeries.
The group has met and spoke with the parents about the product designs and
functions, as well as visited her school to understand the environment Kelly is around. After
several meetings, the family has expressed multiple features they want to have in the device. One
of the features include the motorized assistive walking mode which Kelly can use to go around
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faster and more comfortably at school. Another feature are the sensors, which prevents injuries
or accidents by shutting down the motors if Kelly was at a certain distance to an obstacle for safe
walking. Since the client is a growing teenager, the family has also requested the product to have
adjustable parts and be easy to store. Her family is very interested in our design concept and
believes it will help her greatly as she begins her journey in learning to be more mobile and
become independent.
1.3.

Initial Thoughts
The main challenge in most cerebral palsy cases is the mobility of the individual in daily

life. As a part of a comprehensive therapy plan, assistive mobility devices play a vital role in
treating cerebral palsy, and helps patients achieve greater independence and self-confidence.
Therefore, in this project, a gait trainer with state-of-the-art mobility aids and computerized
communication devices is proposed. The gait trainer will assist the lower extremities of the user,
particularly the trunk and pelvis area. This will be useful to individuals who need trunk and
pelvis support and a forward reference. Two independent supports make it possible for the user
to step forward, encouraging a correct posture and walking pattern.
In addition to the body weight of the individual, the structure should be able to handle
small to medium loads. To support the load, aluminum, and some steel supports with high
resistance to heavy-load will be used. For improved stability, six inflated support wheels which
are designed to move on both smooth and rough surfaces will be used so that the individual can
use the gait trainer in various environments: home, school, gravel, etc. The vertical height of the
gait trainer will be adjustable to accommodate the height of any individual using the device. An
important feature of the proposed gait trainer is that it can be lowered, which allows the user to
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get into the gait trainer without external help, Moreover, the parts to be used in the device are to
be easily replaceable, affordable and adjustable for maintenance in the long-run.
1.4.

Current Solutions
Most current portable orthotic and rehabilitative devices provide stability and support.

The improvement of technology has allowed for advancements where these devices can be
designed to apply a form of tension to resist motion of the joint. However, one outstanding
challenge in the rehabilitation device market is the cost of mobility devices. Mobility devices
with assistive or rehabilitative purposes cost starts from $3,000. Electric wheelchairs, for
example, can cost upwards of $10,000 - $20,000, making it unaffordable for someone who
requires these devices to be able to perform daily routine tasks.

Figure 1. Grillo Gait Trainer by Omresa
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Figure 2. Motorized Walker

For our device, the main competitor, Grillo by Omresa (Figure 1), makes anterior and
posterior gait trainers at a price point of $3,500 to $4,500. A product that is a necessity to allow
someone to live comfortably should not cost them obscene amounts of money. Therefore, an
objective of this project is to design a device that is very cost effective, preferably under $2,000.
In addition to cost, this device is not motorized and is moved by manual power from the user.
Another similar device in the market is the patented motorized walker in Figure 2. This
walker has a base on which the user can stand to operate and maneuver the walker whichever
way they like. However, this device relies on the ability of the user to stand firmly as they
control it, and in our case the client is not able to stand without assistance due to her poor
balance. The ideal device for our client should include the ability to move and maneuver the
walker, while keeping the client’s body supported and stabilized. Most importantly, the parents
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of the client want her to be doing most of the walking herself. Our goal is to develop an “inbetween” of these two devices as well as keep it cost efficient.
1.5.

Potentials in the Rehabilitation Device Market
According to Grand View Research, the rehabilitation device and equipment market is

expected to reach $17.5 billion by 2025, with estimated generated revenue of $6.7 billion. This is
a clear indication that the market is very large and growing, and that devices with these
characteristics and price could seriously combat the competitors. Although our device is being
custom-designed for a specific individual, it has future potential to be used in hospitals,
rehabilitation clinics, and even home use. Therefore, the design concept we present could be
converted into a commercial product with many kinds of clients. For example, elderly
individuals, people recovering from accidents, or others with disabilities in search of a mobility
device.
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Chapter 2: Design Specifications
2.1. Product Requirements
During the project, the team has made multiple visits to the Kelly’s home and school to
observe her physical movements (walking and posture) in her everyday life. The team has also
interviewed Kelly about the challenges she faces due to limitations in mobility, and the aspects
or qualities she expects to have in a mobility assistive device that accommodates her needs in
various environments such as home, school, etc. From the feedback and measurements obtained
from the client, a list of engineering requirements (Table 1) for the device were made before
initiating the design process. In addition, for future patentability of the device in the market,
corresponding marketing requirements were also considered as described detailed in Table 1.
Table 1. Marketing and Engineering Requirements

Marketing
Requirements

Engineering Requirements

Justification

1,2

Should be able to go up an
incline of at least 15°

School has a 5 degrees ramp that the walker must
be able to ascend. Having such a high upper limit
will increase safety.

1,4

Needs to be able to support
180 pounds.

Although not weight bearing, the walker needs to
be able to support the client’s weight.

1,2

The ability of measure
distance up to 6 inches.

Having the IR sensors will be able to stop the
walker from colliding with objects if the client
gets too close to something.

Should have a continuous
use time of around 7 hours.

The client would need to have the walker useable
during school. The walker will be usable the
entire school day without having to recharge it.

Have an auto shutdown
feature.

If the client is unable to keep up, loses control, or
falls over the walker will have a system in place

3

1,4
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to stop the walker from continuing to move
without the operator.
1,2,4

5

Ability to raise from a height
of 3 ft. to 5 ft.

The client would be able to sit or stand-up using
the lift assist system as well as adjust to her
stance.

The walker should be
collapsible to (10x20x10)
inches.

Having the walker be collapsible will improve
transportation and storing.

Marketing Requirements
1. The system should be safe
2. The system should be able to move smoothly
3. The system should be rechargeable
4. The system should have stability and provide independence
5. The system should be easy to store/transport

2.2. Structure and Martial Specifications
Structure - The gait trainer is designed to support a maximum weight of 180 lbs,
which includes the body weight of the individual and possible small to medium loads. To
support the load, aluminum and some steel supports with high resistance to heavy-load
will be used. For improved stability, six non-inflated support wheels, which are designed
to move on both smooth and rough surfaces will be used so that the individual can use the
gait trainer in various environments: home, school, gravel, asphalt, carpet, etc.
The vertical height of the gait trainer will be adjustable to accommodate the height of any
individual using the device. An important feature of the proposed gait trainer is that it can be
lowered to a minimum height of 24” which allows the user to get into the gait trainer without
external help, Moreover, the parts to be used in the device are to be easily replaceable, affordable
and adjustable for maintenance in the long-run.
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Body Support - With the gait trainer frame in the anterior position and with trunk support,
the device can assist the users by securing their balance and placing them into a gently forward
leaning position that can encourage stepping. The controllers are industrial made to give the user
a firm grip and support of the upper-body. Adjustable, padded and rotational arm prompts also
provide forward reference for upper-body.
Material - The structural material for the proposed gait therapy device will mainly be
aluminum. The use of aluminum in the device reduces weight, which in turn reduces energy
consumption while increasing load capacity. The corrosion resistance of aluminum is also
particularly useful for protecting and conserving the device for the long-run. It is also the most
suitable material that can be designed to fit into the complexities of the product’s structure. The
memory foam paddings will be used in the arm prompts to provide optimum comfort as well.
The overall value of the product is:
1. To train the pelvis and trunk for a corrected walking pattern
2. To organize a wider structured vision of space of distance and of the user’s surroundings in the
user’s upright position
3. To assist in the user’s daily activities (school, rehabilitation, etc.)
4. To develop physical self-sufficiency and psychological independence by experimenting the
possibility of acting alone without the help of other people.
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Chapter 3: Design Process
3.1. Design Structure Matrix
Preliminary to the design process, a design structure matrix (DSM) (Appendix A) is used
to identify and visualize the interdependence of the multiple stages in the project. In the DSM, it
is clear how almost every stage of the project is related to one another. For example, it took
about a month to meet with the individual. From the DSM, much of the project is dependent on
meeting with the individual to identify her wants and needs. This hindered the project because it
is heavily dependent on the individual’s needs to produce a solution, final design, and conduct
product testing. With the assisted gait trainer being composed of multiple components, it is
crucial for group members to allow for enough time for component integration leading to final
stage development and modifications. This DSM keeps group members organized in order to
complete tasks efficiently and ultimately deliver a dependable motorized assisted gait trainer.
3.2. Manufacturing Considerations
One of the important aspects of the project is to make manufacturing considerations as it
has a lot influence on the design and the overall cost of the device. For easy manufacturing, most
of the parts used in the device are those that are readily available on the market. For example,
the frame was made of aluminum tubing as it can be cut and bent easily and accordingly to our
required design. For easy assembly, clamp style connectors were used. Other parts such as
motors, gears, batteries, and control unit (Arduino) were also purchased from vendors. Details of
the manufacturing and design considerations were given in Table 2.
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Table 2. Design and Manufacturing Considerations (Based On A Scale of 1-10)

The device also required a few custom fabrications. For example, the gear housing was
machined from steel, and the welding for gear housing deck and certain frame parts was
required. One distinct custom fabrication was the 3D-printed arm rests and joystick housing. The
custom arm rests allow for a flexibility in design that fits the size of the client’s arms and reduces
the overall cost of the device significantly.
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3.3. Components
3.3.1. Lifting Mechanism & Linear Actuator

Figure 3. Lifting Mechanism

The design of the lifting mechanism (Figure 3) was heavily influenced by the
requirements of the rest of the device. The most restrictive requirements were the standing and
sitting heights of the client. Since the difference between the standing height and sitting height of
the client was 10”, the linear actuator in this section had to have a 10” stroke length. This
requirement created problems regarding the overall height of the device as the minimum length
for the 10” stroke linear actuator was 14.78”. This coupled with the 4.75” connector piece on top
and the 9” wheel hub below put the lowest position of the arm rests well above the desired 24”.
By changing where the base of the linear actuator connected to the wheel hub, the lowest
position of the arm rests was lowered to 24” off the ground.
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Another requirement of the device was the ability for the user to control it. Since the
joysticks were mounted on the upper section and the batteries were mounted on the lower
section, wiring needed to be able to pass through the lifting mechanism. This meant that a joint
mechanism had to be added to run wires through, as they could not be run through the linear
actuator. As shown in Figure 3, the joint mechanism also served to strengthen the lifting
mechanism. The joint mechanism was made up of two 15.5” pieces connected by as standard
tube joint and a 4.75” connector piece so they could attach to the top of the linear actuator. The
joint mechanism was attached to the wheel hub by another tube joint allowing the whole
mechanism to extend and retracts as the device raised and lowered.

Figure 4. Linear Actuator Base

The last piece designed for the section was the linear actuator base (Figure 4). This piece
was a 2”x3”x.75” piece of aluminum with a .71” square hole drilled in the middle. The bottom of
the linear actuator was placed in the hole and pinned. This piece was used instead of the standard
base due to the torques that the piece may be under. An ANSYS simulation was run to see how
the standard base would handle cyclic loading at the top of a fully extended linear actuator. This
showed that there would be significant deformation after 10000 cycles of 50 lbs of force. This
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same simulation was run with the redesigned base and it showed no permanent deformation after
10000 cycles.
3.3.2. Wheels and Motors
A crucial step during the design process was designing and manufacturing a way to
power the wheels which would drive the walker. The main challenge in creating the housing for
the gears was obtaining the correct materials like bevel gears, ball bearings, and a keyed shaft
that were to be used. With the use of the bevel gears, the motor power can be transferred from
the shaft to a perpendicular shaft. Another important addition to the wheel section of the walker
was the addition of a wheel hub, this was made with walker having the capability in being able to
replace any of the pneumatic wheels were to become flat.

Figure 5. Motorized wheels

Another design consideration is to connect the main base of the walker with the motor
housing which to meet the specifications of the device provided from the family. The specific
design for the motor housing to be used on the four powered wheels is shown in Figure 5, with
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the housing material used being welded steel, primarily to make sure the bevel gears are mounted
on the single housing and maintain their mounting distance, to avoid rapid wear or grinding of
the gears. Due to the precision needed with the gears, it is ideal to use machining processes with
CNC machines to obtain the most accurate cuts and manufacturing of the mounting holes for the
gears and shaft.

Figure 6. Wheel Assembly

In addition, much of this design was with the idea of keeping this as compact as possible
in order to obtain minimum amount of space to provide the maximum amount of walking area
the individual will have (Figure 6). Some additional specifications and challenges included
making the design as low profile as possible. The size of the motor in combination with the
planetary gears made the design have some constraints to how low it can be made. The use of the
planetary gears was also a necessity to reduce the speed the motors are rotating the wheel, which
is essential for an individual who is rehabilitating and can take a couple steps before the muscles
give up. The main downside to the use of this housing was the cost of the bevel gears. These
gears are one of the most important parts to this housing, and they were one of the most
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expensive material, with them being $29 per gear. With the powering of four wheels, eight gears
are needed to make this walker function, which put a decent dent to our budget.
3.3.3. Handle Bar Assembly

Figure 7. Handlebar

During the initial stage of the design, there were three options in choosing the handle bar
design: a welded, bent, and an assembled design. Considering the manufacturability and user
comfort, the bent design was chosen as it would be easiest to manufacture for the function of the
part. The welded style would require finding a welder proficient in working with aluminum, and
the assembled style would require buying parts that wouldn’t be needed if the bar was bent. The
bent design of the handlebar is shown in Figure 7.
Though the design seems simple, lots of factors played into its design to be effective for
accomplishing its function. The handlebar measures 18 inches long and 27.2 inches wide. These
dimensions accounted for the placement of the arm rests and joysticks that would be mounted to
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it. At 18 inches long, someone using the device would be placed at the center of gravity of the
device, making it safer and more comfortable to use. Its width is also important, as the handlebar
is offset on each side of the post where the linear actuators lift the entire assembly. This allows
for more space for the user to use, allowing for more comfort.
3.3.4. Armrest and Joystick Housing Assembly

Figure 8. Arm Rest

At first, the arm rest was to be bought and attached to the device. However, in the current
market, arm rest products were found around the price range of $100. After considering the final
cost of the walker as well as the resources available for our group, it was decided to utilize 3D
printing for the arm rest and joystick housing components of our design. The design of the arm
rest is shown in Figure 8. It was decided that the length of the arm rest would be 7 inches. To
assure enough support for the user, an additional armrest was added to the handlebar assembly to
be placed above the elbow.
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Figure 9. Joystick housing

The joystick housing (Figure 9) was designed to securely hold the joystick by the use of
four screws located in each of the four corners. The extra space in the rear end of the housing is
for incoming wires from the Arduino. The adapters extending from the handlebar assembly
would be secured to the bottom of each of the components.
3.3.5. Mechanical Design Timeline

Figure 10. Design Timeline
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Figure 11. Design Timeline

Figure 10 shows a timeline of the design process. A lot of manufacturing considerations

were made throughout the design process to strive for a design that provides independent
rehabilitation, versatility, and cost effectiveness. To reduce manufacturing conflicts, most parts
were bought from already-available catalogs on the market. Frame is made of aluminum tubing
which is to be cut and bent accordingly. Clamp style connectors are used to assemble the frame.
Motors, gears, and batteries are purchased from vendors. Welding for gear housing/deck and
certain frame parts is required. The final design of the device is shown in Figure 11.
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3.4 Sensors and Control Systems
3.4.1 Microcontroller and Sensors

Figure 12. Arduino MEGA 2560

Figure 13. HC-SR04 Ultrasonic Range Sensor

For control system, Arduino MEGA 2560 microcontroller (Figure 12) was used. A set of
ultrasonic sensors (Figure 13) was mounted on the two front corners of the walker to measure out
4 to 6 inches distance from the walker to ensure that the user doesn’t collide with any objects or
people. These sensors will be angled in at 30 degrees. Having the sensors ensures that if the user
were to lose control of the walker it would stop on its own before colliding with anything that
may result in harm to the user and the surrounding area. Being able to keep the user safe and
protected while using the walker is the number one priority with this design. The sensors also aid
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in the safety of those around the user. With the detection, it will ensure that the client won’t hit
anyone with the walker while in a crowd.
3.4.2. Joystick Controller

Figure 14. Single Axis Hall Joystick Controller

Figure 14 gives the design of the single axis controller input used in the device. For the
walker to move forward, the buttons on the front need to be compressed as the joysticks are
pushed forward. The same goes for reversing but pulling the joysticks back. This is to ensure that
the walker won’t accidentally move if the joysticks are jostled. To move the walker forward both
controller inputs need to be pushed forward along with holding the “deadman” switches. When
wanting to move backward, the user needs to hold both “deadman” switches and pressing either
of the two buttons on top of the controller. To turn the walker to the left, the right controller
needs to be inputted forward while the button on the left controller needs to be inputted. The
opposite goes for turning the walker to the right. The walker will not operate if both “deadman”
switches are not held down. The controllers need to be comfortable and easy to use with just the
thumbs due to the client’s poor finger control.
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3.4.3 Gyroscope

Figure 15. Gyroscope

The gyroscope (Figure 15) senses where the walker is relative to itself in 3-D space. This
is an extra safety measure so that if the walker were to fall over it would automatically shut
down. This not only adds an additional safety aspect for the user, but it also ensures that
electrical components (such as the motors) won’t be damaged.
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Chapter 4: Prototype and Testing
4.1. Final Product

Figure 16. Finalized Device

Figure 17. Controller Unit
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Figure 18. Handlebar and Joystick Unit (Left), 3D Printed Arm Rest (Right)

Figure 19. Motor and Wheel Unit
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4.2. Testing
Once the motorized walker is assembled, several tests were done to validate the product
requirements and performance of each unit as well as that of the overall device. Based on the
results, areas that need improvement in the prototype were modified. Table 3, and Table 4 give
the guidelines on the unit testing and integration testing. In the unit testing, the functionality of
each unit was tested, and the range of adjustment on all adjustable components were tested to fit
the client’s request and design specifications. The output of the joystick controllers were tested
before connecting them to the motors. In integration testing, the interaction between integrated
units were combined and observed to expose faults.
Table 3. Guidelines for unit testing

No.

Unit

1

Frame

2

Motors

3

Controller

Procedure
The range of adjustment on all adjustable components were tested
to fit the client’s request and design specifications.
The speed and power of the motors were tested.
The output of the control sticks was tested before connecting them
to the motors.

Table 4. Guidelines for integration testing

No.

Function

1

Fits

2

Steering

Using tank style steering provide a full range of desired motion.

3

Walking

Having different speed variations and stability
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Procedure
Frame can be adjusted to fit the client’s size.

Finally, the overall performance of the device was tested based on the guidelines
provided in Table 5, and ratings were given based on the effectiveness of each function. Most
functions of the device met the engineering requirements and client’s needs, with responsive
controls, durable frame, and acceptable overall safety factor, However, there were a few
problems with the width of the device. The width measurements of the device were made to fit
through the standard doors and those at the client’s house, but it has some trouble fitting through
some smaller doors. The device was able to meet the team’s budget, but it was a lot higher than
our intended price of $1000.
Table 5. Guidelines for overall performance testing

Test Function

Description

Rating

1

Responsive

Controls are set for user's ability.

5

2

Safety

Able to stop before collision or does not tip over.

4

3

Durability

Material used are efficient for user's daily life.

5

4

Portable

Move through doors easily and transported in a vehicle.

3

5

Affordability Device cost less than $1000.

1

6

Disruptive

The device is quiet when in operation.

5

Total (out of 30):

23

(Rating is based on 1-5. 1 = Not at all effective, 2 = Slightly effective, 3 = Moderately effective, 4 = Very
effective, 5 = Extremely effective)
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Chapter 5: Cost Analysis
Table 6. Cost Breakdown

Unit

Parts Included

Cost (Approx.)

Chassis

Tubing, Linear Actuators, Fittings, Hardware

$576.00

Gear Box

Metal Plates, Gears, Bearings, Hardware

$516.50

Handlebar

Tubing, Fittings, Adaptors, Hardware

$87.00

Arm Rests, Housings

3D Printed Material, Hardware

$5.00

Electrical Components

Batteries, Sensors, Controllers, Hardware

$824.00

Total (Approx.):

$2,008.50

The detailed breakdown of the cost of the device is given in Table 6. After finalizing the
device, the overall cost comes at around $2000, and it is slightly higher than our targeted budget
of $2000. The overall cost of the mechanical hardware of the device such as the chassis, gear
box, arm rests, aluminum tubings, linear actuators and adaptors is approximately $1000. Around
36 feet of round Aluminum stock was used for the device, costing around $6.00/ft. Chassis was
most expensive mechanical section because it used the most Aluminum stock, at around 25 feet,
and the linear actuators cost $108.99 each. Arm Rests and housings were the cheapest because
they were 3D Printed in the MakerSpace at the Engineering Building at no charge to the group.
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Having the 3D printed arm rests and the joystick housings has efficiently reduced the cost as the
market price for the arm rests is above $100 for each arm rest.
The most expensive part of the device is the control system unit. The two joystick
controllers were chosen by client and they costed $109.00 each. Although the Arduino
microcontroller is relatively inexpensive, using sensors, gyroscopes, and batteries which can
sufficiently support the device comes at a high price. However, even when comparing the nonmotorized part of our device to other non-motorized walkers and rehabilitation devices in the
market which cost $3500 and above, our device still has a lower cost, and it is a huge advantage
for future market considerations. The cost percentages of each unit of the device is given in
Figure 20.

Figure 20. Cost Percentages of the Units in the Device
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Chapter 6: Market Analysis

Figure 21. U.S. rehabilitation devices market by product, 2014-2025 (USD Billion)

According to the market research report for rehabilitation devices from Grand View
Research Group, the global rehabilitation equipment and devices market size was valued at USD
10.53 billion in 2016 and has great potential to grow in the future years as shown in Figure 21 .
The market is expected to grow significantly due to increasing prevalence of degenerative
diseases, such as Cerebral Palsy, Alzheimer, and growing number of trauma patients who require
rehabilitation therapy.
Based on rehabilitation products, the mobility assistive devices dominated the overall
market in 2016 with a share of 37.1% [4]. This segment is expected to maintain its dominance
over the forecast period, owing to growing geriatric and handicapped population worldwide.
Among various products, gait therapy devices, like our product, are the simplest form of mobility
equipment, which are preferred by the target population owing to their low price and simplicity.
Based on end use, the mobility assistive device market is divided into hospitals & clinics, rehab
centers, home care settings, and physiotherapy centers. Hospitals accounted for the largest share
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of nearly 33.1% in 2016 [4]. Moreover, the overall increase in sales of assistive devices at rehab
centers in emerging economies is expected to result in significant growth of rehab centers as
well, and home care settings and physiotherapy centers together accounted for nearly USD 2.3
billion of the overall rehabilitation equipment market in 2016 [5]. Due to these factors, our
proposed gait therapy device is expected to see significant potential in the future market.

Figure 22. Global Market by Region/Geography (2012-2022)

The proposed gait therapy device also has great opportunities in the global market, both
in developed and developing regions, due to possibilities in novel innovative solutions (Figure
22). United States is currently leading the market in overall rehabilitation devices, and favorable

reimbursement policies in large markets provide significant sales opportunities to manufacturers.
Particularly, reimbursements from Medicare enable people to rely on assistive devices for
rehabilitation. Moreover, the WHO has also introduced Priority Assistive Products List (APL) in
support of Global Cooperation on Assistive Technology (GATE) to improve access to highquality and affordable assistive products. Such initiatives are expected to increase growth
opportunities for manufacturers in the future.
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The currently available gait therapy devices in the market such as Grillo, Riften, Trexo
Robotics, and Omersa are utilized to rehabilitate and build muscle strength, with a design of
harnesses to correct posture. However, most of these products are extremely expensive (up to
$4000), hard to adjust and not catered to the personal needs of each consumer. In contrast, our
product is designed to cater towards for specific consumer needs depending on the level of
disability. One major advantage of our proposed product is that it would have an assistive control
system in which consumer can choose between manual or remote-controlled mode, and currently
there is no such mechanized gait trainer on the market. With these, our proposed device will
make an economic impact in the rehabilitation product industry by means of a more affordable
solution.
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Chapter 7: Conclusion
The motorized assistive walker from this project has successfully met the goal to produce
a rehabilitation device that will provide support for better walking postures, gain safety and
independence in her mobility, and improve muscular strength along the way, preventing related
surgeries in the future. The main advantage of this device is that the user can choose between the
manual and motorized mode, and this has given flexibility in user experience. In addition to
functionality, the device is relatively inexpensive compared to other non-motorized walkers and
rehabilitative devices currently available in the market. We hope that our device will make an
economic impact in the rehabilitation product industry by means of a more affordable solution.
Future improvements can come from adding motion sensors on the device depending on the
individual customizations according to the user’s choice.

39 | Page

References
[1] Cerebral Palsy Group (2018, August 28). Cerebral Palsy and Mobility Issues. Retrieved from
https://www.cerebralpalsyguidance.com/cerebral-palsy/associated-disorders/mobilityissues/
[2] Cerebral Palsy Guidance (2018, August 28). Cerebral Palsy and Mobility Issues. Retrieved from
https://www.cerebralpalsyguidance.com/cerebral-palsy/associated-disorders/mobilityissues/
[3] Center for Disease Control and Prevention (CDC) (2002, February). Final FY 2003 GPRA Annual
Performance Plan Revised Final FY 2002 GPRA Annual Performance Plan FY 2001 GPRA Annual
Performance Report. Retrieved from https://www.cdc.gov/program/historical/2002perf.pdf
[4] “Rehabilitation Devices/Equipment Market Analysis By Product Type, (Daily Living Aids, Mobility
Equipment, Exercise Equipment, Body Support Devices), By Application, By End-Use, By Region, And
Segment Forecasts, 2018 - 2025.” Personalized Medicine Market Analysis By Product And Segment
Forecasts To 2022, www.grandviewresearch.com/industry-analysis/rehabilitation-products-market.
[5] “Physiotherapy Equipment Market.” Market Research Firm, www.marketsandmarkets.com/MarketReports/physiotherapy-equipment-market65250228.html?gclid=CjwKCAiA9K3gBRA4EiwACEhFeyzGUQ9uN3ejHLRk89rvLir01uKTYY0qlcJC
_JRg8nIcftSPyWik8hoCCrQQAvD_BwE.

40 | Page

Appendices
Appendix A: Design Structure Matrix (DSM)
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